



















to	 an	 irreversible	 fate	 of	 rapid	 destruction	 or	 unveil	 their	 hidden	
functions	 through	 specific	 processing.	 Moreover,	 the	 enzyme	
contributes	to	quality	control	of	ribosomal	RNAs.	The	activity	of	RNase	
E	 can	 be	 directed	 and	 modulated	 by	 signals	 provided	 through	
regulatory	RNAs	that	guide	the	enzyme	to	specific	transcripts	that	are	
to	 be	 silenced.	 	 At	 a	 comparatively	 early	 stage	 of	 its	 evolutionary	
history,	RNase	E	acquired	a	natively	unfolded	appendage	that	recruits	
accessory	 proteins	 and	 RNA.	 These	 accessory	 factors	 facilitate	 the	
activity	of	RNase	E	and	include	helicases	that	remodel	RNA	and	RNA-
protein	 complexes,	 and	 polynucleotide	 phosphorylase,	 a	 relative	 of	
the	archaeal	and	eukaryotic	exosomes.	RNase	E	also	associates	with	
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enzymes	 from	 central	 metabolism,	 such	 as	 enolase	 and	 aconitase.	
RNase	E-based	complexes	are	diverse	 in	 composition,	but	generally	
bear	 mechanistic	 parallels	 with	 eukaryotic	 machinery	 involved	 in	
RNA-induced	 gene	 regulation	 and	 transcript	 quality	 control.	 That	
these	 similar	 processes	 arose	 independently	 underscores	 the	
universality	 of	 RNA-based	 regulation	 in	 life.	 A	 synopsis	 and	









It	 may	 seem	 surprising	 that	 in	 almost	 all	 known	 lifeforms,	
information-encoding	transcripts	are	actively	annihilated.	Although	at	
first	glance	this	seems	to	be	a	potential	waste	of	resource	and	loss	of	
information,	 the	 anticipated	 advantages	 of	 restricting	 transcript	
lifetimes	include	fast	response	rates	and	a	capacity	to	rapidly	re-direct	
gene	 expression	 pathways.	 In	 this	 way,	 destroying	 individual	
transcripts	 in	 a	 modulated	 manner	 might	 effectively	 enhance	 the	
collective	 information	 capacity	 of	 the	 living	 system.	Escherichia	 coli	
has	proven	to	be	a	useful	model	system	to	study	such	processes,	and	
nearly	 forty-five	 years	 ago,	 a	 hypothetical	 endoribonuclease	 was	
proposed	by	Apirion	as	the	key	missing	factor	that	might	account	for	
the	observed	degradation	patterns	of	mRNA	in	that	bacterium.	At	the	
time	 this	hypothesis	was	 formulated,	 transcript	decay	 in	E.	coli	was	
best	 described	 as	 a	 series	 of	 endonucleolytic	 cleavages	 and	
subsequent	fragment	scavenging	by	3′-exonucleases	[1].	A	few	years	
later,	 Apirion	 and	 colleagues	 reported	 the	 discovery	 of	 the	
endoribonuclease	RNase	E	and	showed	it	to	be	involved	in	processing	
of	 rRNA	 precursors	 [2–4],	 and	 the	 enzyme	 was	 subsequently	
discovered	 to	 also	 cleave	 an	 mRNA	 from	 T4	 phage	 into	 a	 stable	
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intermediate	[5].	Thus,	RNase	E	seemed	to	be	an	ideal	candidate	for	
the	proposed	endonuclease	 factor	 to	 initiate	RNA	decay	 in	bacteria.	
What	made	these	findings	surprising	was	that	it	had	previously	been	
thought	 that	 ribonucleases	 might	 be	 specialized,	 with	 one	 set	
presumed	responsible	for	mRNA	decay	and	another	set	dedicated	to	
stable	 RNA	 processing,	whereas	RNase	 E	 could	 perform	both	 these	







of	 turnover	 for	 many	 mRNA	 species	 [8–12]	 and	 the	 maturation	 of	
precursors	of	tRNA	[13,	14]	and	rRNA	[15,	16].	The	roles	for	RNase	E	
have	 been	 expanded	 to	 include	 processing	 and	 degradation	 of	
regulatory	RNAs	[17,	18]	and	rRNA	quality	control	[19].	
It	is	important	to	note	that	RNase	E	is	not	the	sole	ribonuclease	
that	can	 initiate	turnover	 in	E.	coli,	as	others	can	catalyze	the	 initial	
cleavage	 of	mRNAs,	 including	 RNase	 G,	 RNase	 P,	 the	 double-strand	
specific	RNase	III,	and	RNases	from	the	toxin/antitoxin	families	[20]	
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(see	 also	 ’’Enzymes	 involved	 in	 post-transcriptional	 RNA	
metabolism’’).	Whether	any	particular	RNA	will	be	engaged	by	RNase	
E	 or	 another	 ribonuclease	 is	 determined	 by	 enzyme	 specificity,	
substrate	accessibility,	and	which	arrives	first	at	 the	scene.	RNase	E	
appears	 to	 have	 privileged	 access	 to	 substrates,	 and	 despite	 the	
apparent	 functional	 overlap	 with	 other	 ribonucleases	 for	 all	 RNA	
metabolic	 processes,	 the	 enzyme	 is	 an	 essential	 gene	 under	 most	
growth	conditions	[21,	22],	implicating	a	unique	and	dominating	role.		
The	access	of	RNase	E	and	other	ribonucleases	to	substrates	can	
be	 modulated	 by	 RNA-binding	 proteins	 [23].	 For	 instance,	 the	
ribosome	protein	S1	can	shield	RNase	E	recognition	sites	and	protect	
mRNAs	 against	 cleavage	 [24].	 Ribosomes	 can	 protect	 mRNAs	 from	
enzyme	 attack	 during	 translation,	 but	 speculatively	 these	 might	
become	 accessible	 in	 a	 process	 of	 co-translational	 decay.	 RNase	 E	
recognition	 sites	 can	 either	 become	 buried	 or	 exposed	 in	 locally	
formed	RNA	structures	[25].	These	local	structures	can	be	induced	or	
remodeled	by	base-pairing	interactions	formed	in	cis	or	trans,	or	by	
other	 binding	 proteins	 and	 the	 unwinding/remodeling	 activity	 of	
helicases.	The	actions	of	all	these	factors	modulate	substrate	access.		
In	 the	 degradation	 pathway	 of	 mRNA	 for	 E.	 coli,	 the	 initial	
cleavage	 of	 a	 transcript	 by	 RNase	 E	 is	 followed	 closely	 by	
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exonucleolytic	degradation	of	the	products	by	PNPase	(polynucleotide	




parallels	 and,	 for	 one	 component	 in	 particular	 –	 namely,	 PNPase	 -	
evolutionary	relationship	to	the	exosome	of	archaea	and	eukaryotes	
[28].	The	exosome	complex,	like	RNase	E,	recruits	RNA	helicases	and	
accessory	 ribonucleases	 that	 help	 to	 achieve	 efficient	 and	 complete	
substrate	degradation	[29,	30]	(Table	1).	
	
Figure	 1.	 Ribonuclease	 dependent	 processes	 in	 bacteria.	
Ribonucleases	 play	 crucial	 roles	 in	 efficient	 removal	 of	 defective	 or	
unnecessary	 RNAs,	 regulation	 of	 gene	 expression	 by	 sRNAs	 and	
processing	of	various	types	of	RNAs.	RNA	degradation	(left	panel)	is	
initiated	 by	 endoribonucleolytic	 cleavage	 that	 can	 be	 preceded	 by	
pyrophosphate	removal	from	the	primary	transcript.	The	majority	of	
degradation	 initiation	 events	 are	 RNase	 E	 dependent.	 The	 initial	
cleavage	 generates	monophosphorylated	 RNA	 fragments	which	 can	
either	boost	subsequent	RNase	E	cleavage,	or	become	substrates	for	
cellular	 exoribonucleases.	 Fragments	 resulting	 from	
exoribonucleolytic	degradation	are	 further	converted	 to	nucleotides	




branch).	 Naked	 mRNA	 is	 rapidly	 scavenged	 by	 endo-	 and	
exoribonucleases.	 The	 sRNA-Hfq	 complex	 can	 also	 bind	 within	 the	
coding	region	of	mRNA	recruiting	RNase	E	and	promoting	transcript	















they	 might	 potentially	 become	 more	 accessible	 substrates	 for	 the	
membrane-associated	degradosome.	











which	 uses	~22	 nt	 guide	RNAs.	However,	 bacterial	 small	 RNAs	 are	
much	 larger	 than	 RNAi	 guide	 RNAs,	 and	 include	 structural	 and	
sequence	elements	used	 for	recognition	by	Hfq	and	other	 facilitator	
proteins,	such	as	ProQ	and	cold-shock	proteins	[37,	38].	The	question	
arises	 how	 the	 seed-target	 pairings	 are	 guiding	 RNase	 E	 and	 the	
degradosome	 machinery	 to	 recognize	 transcripts	 tagged	 for	
degradation.	
RNase	E	is	also	implicated	in	RNA	processing,	releasing	mRNA	





and	 mechanistic	 features	 of	 RNase	 E	 from	 the	 perspective	 of	
accounting	 for	 the	 many	 in	 vivo	 functions	 of	 the	 enzyme.	 The	
accumulating	data	provide	insights	into	how	RNase	E	might	operate	in	
a	cellular	context	as	an	intricate	machine	and	interconnected	hub	of	





At	 1061	 amino	 acids,	 RNase	 E	 is	 one	 of	 the	 largest	 proteins	
encoded	by	the	E.	coli	genome	(Figure	2).	The	enzyme	has	a	conserved	
N-terminal	 domain	 of	 roughly	 510	 residues	 that	 encompasses	 the	
endonucleolytic	 active	 site.	 The	 remaining	 C-terminal	 portion	 is	
predicted	 to	 be	 predominantly	 natively	 unstructured,	 and	
consequently	this	region	is	anticipated	to	lack	a	compact	and	globular	
character	[39].	Again,	this	gives	RNase	E	the	distinction	of	containing	





430	 residues,	 with	 maintenance	 of	 the	 key	 residues	 involved	 in	
substrate	recognition	and	catalysis.	RNase	G	and	E	are	likely	to	have	
diverged	 after	 a	 duplication	 within	 a	 chromosome	 early	 in	 the	
evolution	 of	 the	 gamma-proteobacteria,	 but	 the	 enzymes	 still	 share	
some	 similar	 activities,	 including	 rRNA	 processing	 and	 mRNA	







	 In	 the	 chloroplasts	 of	 plants,	 an	 RNase	 E	 homologue	 is	
implicated	in	polycistronic	RNA	cleavage	[44]	and	counterintuitively	











like	 subdomain	 at	 the	 N-terminus	 probably	 fulfilling	 a	 structural	
function	 (1–35,	 215-278),	 an	 RNA	 binding	 S1	 domain	 (36–118),	 5’	
sensor	 responsible	 for	 the	 enzyme	 preference	 of	 mono-
phosphorylated	 substrates	 (119-214),	DNase	 I	domain	 (279-400),	 a	
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Zn-binding	domain	(401–414)	that	stabilizes	dimer	formation,	and	a	
small	 domain	 (415–510)	 that	 mediates	 tetramer	 formation	 at	 the	
dimer-dimer	interface	[47]	(Figure	2).		
The	 crystal	 structure	 of	 the	 catalytic	 domain	 of	 RNase	 E	




activate	 water	 for	 nucleophilic	 attack	 of	 the	 phosphate	 backbone.	
From	the	crystallographic	data	and	simulations	it	is	inferred	that	the	
scissile	 phosphate	 must	 approach	 the	 nucleophile	 in	 a	 defined	
geometry	that	is	incompatible	with	the	A-form	conformation	found	in	




	 The	 C-terminal	 domain	 of	 RNase	 E	 (CTD;	 511–1061)	 forms	 a	
scaffold	region	that	serves	as	a	platform	for	the	degradosome	complex	
(Figure	2).	Because	it	is	predicted	to	be	predominantly	unstructured,	
it	 is	 not	 a	 conventional	 domain	 with	 compacted,	 folded	 character	
bearing	 defined	 secondary	 structural	 elements	 like	 strands	 and	
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helices.	However,	the	CTD	is	punctuated	by	small	microdomains	that	





Figure	 2.	 RNase	 E	 catalytic	 domain	 and	 a	 model	 of	 the	
organization	of	the	E.	coli	RNA	degradosome.	Top	panel:	RNase	E	is	
a	 tetramer	 (purple	 –	 with	 a	 single	 protomer	 highlighted	 in	 dark	
purple),	 and	 the	 quaternary	 organisation	 is	 secured	 through	 zinc	
coordination	(black	spot)	linking	N-terminal	domains.	The	C-terminal	
domain	is	predicted	to	be	predominantly	unstructured	and	provides	
binding	sites	 for	 the	other	degradosome	components:	RhlB	 (green),	
enolase	 (yellow)	 and	 PNPase	 (blue).	 The	 C-terminus	 also	 harbours	
two	 RNA	 binding	 sites	 (red)	 and	 a	 membrane	 anchor	 (dark	 grey).	








As	 the	 scaffolding	 core	 of	 the	 RNA	 degradosome,	 RNase	 E	
interacts	with	several	types	of	proteins,	and	its	repertoire	of	partners	
can	 vary	 depending	 on	 growth	 conditions	 [50–53].	 RNase	 E	
homologues	in	divergent	bacterial	lineages	have	different	interaction	
modules	and	partners,	making	the	degradosome	a	variable	machinery	
with	 capacity	 to	 perform	 specialized	 tasks	 depending	 on	 biological	
context	[27,	54,	55]	(Table	1).	
	 The	E.	coli	RNase	E	forms	a	degradosome	assembly	in	which	the	
canonical	 components	 associated	with	 the	 C-terminal	 domain	 are	 a	
DEAD-box	RNA	helicase	(RhlB),	the	glycolytic	enzyme	enolase,	and	the	
exoribonuclease	 polynucleotide	 phosphorylase	 (PNPase)	 (Figure	 2	
	 14	
and	 3,	 Table	 1).	 The	Caulobacter	 crescentus	RNase	E	 forms	 an	RNA	
degradosome	 complex	 together	 with	 RhlB,	 the	 metabolic	 enzyme	
aconitase,	PNPase,	and	the	exoribonuclease	RNase	D	[56,	57]	(Table	
1).	As	with	the	E.	coli	degradosome,	the	proteins	of	the	C.	crescentus	
degradosome	 bind	 to	 RNase	 E	 mainly	 through	 its	 unstructured	 C-
terminal	domain	with	the	exception	of	RhlB,	which	binds	to	a	partially	
helical	insert	in	the	S1	domain	within	the	globular	N-terminal	part	of	
RNase	 E.	 We	 describe	 the	 degradosomal	 interactions	 and	 their	
functional	consequences	in	the	following	subsections.	
The	C-terminal	domain	of	E.	coli	RNase	E	has	two	RNA-binding	
domains	 flanking	 the	helicase	binding	 site	 (Figure	2).	Accumulating	
evidence	 indicates	 that	 this	 C-terminal	 portion	of	RNase	E	plays	 an	




RNase	 E	 C-terminal	 domain	 diminishes	 the	 efficiency	 of	 co-









recruits	 PNPase,	 a	 3’	 to	 5’	 exoribonuclease	 [60]	 (Figure	 2).	 PNPase	
uses	 phosphate	 to	 attack	 the	 backbone	 of	 the	 RNA	 substrate,	
generating	 nucleoside	 diphosphates	 as	 products.	 This	 mechanism	
requires	magnesium	as	a	cofactor,	and	it	is	likely	that	the	metal	plays	
a	 role	 in	 stabilising	 the	 charge	 in	 the	 transition	 state	 [60].	 PNPase	
contributes	to	RNA	quality	control	and	can	degrade	improperly	folded	
tRNA	and	rRNA	[61].	As	PNPase	requires	a	3’	single	stranded	region	to	
bind	 to	 its	 substrate,	 polyadenylation	 of	 RNAs	 may	 increase	 their	




antibioticus,	 was	 used	 to	 propose	 a	 model	 for	 the	 archaeal	 and	
eukaryotic	 exosome	 [28,	 64].	 The	 eukaryotic	 exosome	 is	 not	 a	
phosphoryltic	enzyme	like	PNPase,	but	acts	as	a	scaffold	to	recruit	exo-	
and	 endo-nucleases	 on	 the	 periphery	 of	 the	 central,	 PNPase-like	
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channel,	 through	 which	 some	 substrates	 are	 threaded	 as	 single-
strands	for	delivery	to	the	active	sites	[65].	Analogous	cooperation	of	
the	 RhlB	 helicase	 with	 RNase	 E	 and	 PNPase	 is	 described	 in	 the	
following	 subsection.	 Crystal	 structures	 have	 been	 obtained	 for	
PNPase	 from	 numerous	 other	 species,	 and	 the	 structures	 of	 the	





chaperone	 property	 opens	 the	 possibility	 that	 regulatory	 RNA	
recruitment	 by	 PNPase	 could	 modulate	 the	 activity	 of	 the	
degradosome.		
	
ii.	 RNA	 helicase	 partners	 of	 RNase	 E	 and	 their	 role	 in	 substrate	
channeling	
The	 degradome’s	 RhlB	 bears	 the	 conserved	 "DExD/H	 box"	
sequence	motif	 found	 in	 RNA	 helicases	 from	 bacteria,	 archaea	 and	
eukaryotes.	Like	other	RNA	helicases,	RhlB	can	harness	the	energy	of	

















some	 interesting	 mechanistic	 and	 structural	 parallels	 with	 the	
complex	formed	by	RNA	helicase	Mtr4	and	the	nuclear	exosome	of	the	
yeast	 Saccharomyces	 cerevisiae	 [29]	 (Table	 1).	 There	 are	 also	
similarities	 to	 the	 eukaryotic	 Ski	 complex,	 which	 is	 a	 conserved	
multiprotein	assembly	required	 for	 the	cytoplasmic	 functions	of	 the	
exosome,	including	RNA	turnover,	surveillance,	and	interference	[30]	
(Table	1).	The	 crystal	 structure	of	S.	 cerevisiae	 core	 complex	 shows	
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that	 Ski3	N-terminal	 arm	and	a	 Ski2	 insertion	domain	 allosterically	
modulate	 the	 ATPase	 and	 helicase	 activities	 of	 the	 complex.	
Interactions	with	the	C-terminal	RecA	domain	of	the	ATPase	may	have	
some	functional	analogy	to	the	interaction	of	RNase	E	with	RhlB,	and	
the	 helicase-mediated	 operation	 of	 threading	 substrate	 into	 the	
exosome	is	analogous	to	substrate	channeling	by	RhlB	to	PNPase	or	
catalytic	domain	of	RNase	E.	






activity	 is	 required.	 In	 higher	 eukaryotes,	 including	 humans,	 the	
functional	 equivalent	 of	 the	mitochondrial	 exosome	 is	 a	 complex	of	
human	SUV3	and	PNPase	[79,	80].	All	of	the	described	exosome	and	
helicase-exoribonuclease	 complexes	 suggest	 there	might	 be	 similar	
cooperation	 between	 RhlB	 and	 PNPase,	 which	 is	 not	 capable	 of	






as	 a	 yellow	 star).	 RNase	 E	 dimer	 (purple)	 is	 shown	 for	 clarity.	 S1	
domain	 together	with	5’	 sensor	 (red	bar)	 is	 capturing	 the	substrate	










with	 the	 RNA	 degradosome.	 In	 numerous	 γ-proteobacteria	 the	
glycolytic	enzyme	enolase	is	a	conserved,	canonical	component	of	the	
RNA	degradosome	assembly	[27],	whereas	in	Caulobacter	crescentus,	
RNase	 E	 is	 associated	 with	 the	 Krebs	 cycle	 enzyme	 aconitase	 [56]	
(Table	1).	Intriguingly,	the	Gram-positive	bacterium,	Bacillus	subtilis,	
lacks	an	RNase	E	homologue,	but	does	have	an	analogous	ribonuclease	
that	 interacts	 with	 glycolytic	 enzymes	 under	 certain	 growth	
conditions	[81].	The	evolutionary	convergence	of	stable	interactions	
between	ribonucleases	and	metabolic	enzymes	indicates	an	important	
biological	 function.	Moreover,	 enolase	 has	 also	 been	 identified	 as	 a	









participate	 in	 the	 uptake	 and	utilisation	 of	multiple	 carbon	 sources	
[84].	 However,	 as	 the	 proportion	 of	 enolase	 associated	 with	 the	
degradosome	 is	 relatively	 small	 (~5-10%)	 [53],	 removing	 this	 key	
enzyme	 entirely	 from	 the	 cell	 could	 have	 strong	 secondary	 effects	
unrelated	 to	 its	 function	 in	 degradosome	 assembly.	 Such	
perturbations	 can	 be	 circumvented	 by	 deleting	 the	 enolase	 binding	
site	 in	 the	 RNase	 E	 gene	 on	 the	 bacterial	 chromosome.	 In	 such	 a	
mutated	strain	of	E.	 coli,	 the	growth	phenotype	 is	 surprisingly	 little	
affected	 under	 aerobic	 conditions	 [85].	 However,	 under	 anaerobic	
conditions	the	mutant	shows	abnormal	cell	morphology	that	is	likely	
to	arise	from	destabilisation	of	the	sRNA	DicF	and	higher	levels	of	its	
target	 mRNA	 ftsZ	 encoding	 a	 critical	 cell-division	 protein	 [85].	
Biophysical	studies	indicate	that	enolase	helps	to	compact	an	adjacent	
RNA	binding	motif	 in	RNase	E	 CTD,	 known	 as	AR2	 [49]	 (Figure	 2).	
Degradosome-associated	 enolase	 could	 therefore	 be	 indirectly	
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involved	in	efficient	RNA	binding	by	inducing	a	conformational	change	
in	 the	 AR2	 RNA	 binding	 domain	 of	 the	 RNase	 E	 C-terminus.	 Such	









regulate	 gene	 expression	 in	 bacteria	 [87].	 Prokaryotic	 sRNAs	 vary	
tremendously	 in	 size	 and	 are	 involved	 in	 various	 aspects	 of	 gene	





binding	 to	 the	 translation	 initiation	 region	 of	 target	 mRNAs	 and	
occluding	the	ribosome-binding	site	(RBS)	[88,	89]	(Figure	1,	middle	
panel).	 sRNA	mediated	degradation	of	 target	mRNAs	often	 involves	
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RNase	 E	 [17,	 90,	 91],	 and	 sRNAs	 paired	with	 target	mRNAs	 can	 be	
degraded	together	in	an	RNase	E-dependent	manner	[17].	Hfq,	along	
with	 Hfq-binding	 sRNAs,	 associates	 with	 RNase	 E,	 resulting	 in	 the	
formation	of	a	ribonucleoprotein	effector	complex	that	allows	for	the	
tethering	 of	 RNase	E	 near	 the	 base-pairing	 region	 of	 target	mRNAs	
[92].		
	 Bacterial	 sRNAs	 that	 bind	 to	 their	 target	 within	 the	 coding	
region	 can	 alter	 transcript	 stability	 by	 creating	 a	 ribonuclease	
cleavage	 site	 [93].	 Additionally,	 sRNAs	 can	 differentially	 alter	
transcript	accumulation	within	an	operon.	An	example	is	RyhB,	which	
downregulates	the	 iscSUA	genes	within	the	 iscRSUA	operon	to	allow	




	 The	 question	 arises	 where	 and	 how	 the	 RNase	 E-dependent	
degradation	 of	 the	 mRNA–sRNA	 hybrid	 is	 initiated	 [97].	 The	 key	
challenge	faced	in	answering	this	question	is	that	the	complexes	are	
formed	 transiently	 and	 are	 therefore	 difficult	 to	 capture.	 One	
experimental	approach	to	overcome	the	challenge	is	to	crosslink	the	
RNase	 E-RNA	 complexes	 in	 vivo,	 in	 their	 cellular	 context,	 and	 then	
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from	 the	 sRNA-target	 RNA	 pair.	 This	 is	 followed	 by	 cleavage	 that	
occurs	maximally	13	nucleotides	downstream	of	the	pairing	site.	The	
model	 is	 consistent	 with	 the	 RNase	 E	 cleavage	 6	 nucleotides	
downstream	of	the	MicC-ompD	sRNA-mRNA	duplex	[93,	96].	
	 In	 addition	 to	Hfq,	 RNase	 E	 can	 cooperate	with	 several	 other	
known	RNA-binding	proteins	 to	 specifically	 regulate	 sRNA	stability.	
One	 example	 is	 RapZ,	which	was	 identified	 in	E.	 coli	 as	 an	 adaptor	
guiding	 RNase	 E	 for	 processing	 of	 the	 sRNA,	 GlmZ,	 as	 part	 of	 the	
mechanism	 controlling	 amino-sugar	 metabolism.	 As	 this	 metabolic	









E-dependent	 way	 and	 it	 was	 suggested	 that	 CsrD	 might	 induce	
structural	changes	in	the	RNAs	that	make	them	more	susceptible	for	
attack	by	 the	 ribonuclease	 [100].	 RNase	E	 cleavage	 sites	 have	been	
mapped	in	RsmZ,	an	analog	of	CsrB	[101].	Most	likely,	there	are	more	
proteins	 like	 RapZ	 and	 CsrD	 that	 bind	 sRNAs	 and	 target	 them	 for	
degradation	by	RNase	E	and	other	enzymes.		
The	CTD	of	RNase	E	can	also	interact	with	regulators	such	as	the	
inhibitory	 proteins,	 RraA	 and	 RraB,	which	 bind	 the	 CTD	 at	 distinct	
sites	 [102].	 RraA	was	 shown	 to	modulate	 degradosome	 activity	 by	
altering	 its	composition	 through	 interaction	with	RhlB	and	 the	RNA	
binding	regions	of	the	CTD	[98].	RraB	binds	within	aminoacids	694-
727	of	the	C-terminus	of	RNase	E	and	also	influences	the	degradosome	
composition	 in	 vivo	 [103].	 In	Pseudomonas	 aeruginosa	 the	RNase	E	
CTD	is	targeted	by	a	phage	protein	Dip	that	inhibits	its	activity	during	









the	 enzyme	 has	 cleavage	 preferences	 and	 if	 these	 might	 encode	
information	on	the	lifetime	of	the	substrate.	One	salient	signature	of	
RNase	E	 cleavage	 sites	 is	 that	 they	 are	AU-rich	 and	 single-stranded	
[106–108],	with	strong	preference	for	U	at	position	+2	with	respect	to	




has	 been	 confirmed	 and	 extended	 by	 the	 recent	 mapping	 of	 over	
22,000	cleavage	sites	 in	Salmonella	 [12].	This	preference	 for	single-
stranded	substrates	is	in	accord	with	the	crystallographic	data,	as	the	









single-stranded	 region	 is	 recognised	 by	 hydrogen	 bonding	
interactions	 with	 R169	 and	 T170	 in	 a	 5’-sensor	 domain,	 and	 this	
interaction	 is	proposed	 to	 favour	a	closed	conformational	state	 that	
boosts	 enzyme	 activity	 (Figure	 2	 and	 3A).	 Comparison	 of	 crystal	
structures	of	holoenzyme	with	an	RNA	substrate	analogue	bound	and	
apoenzyme	shows	that	RNase	E	seems	to	be	 in	an	open	form	in	the	





consequence	 the	 catalytic	 activity	 is	 impeded.	 Studies	 with	 short	
oligonucleotides	 indicate	 that	 the	 apparent	 boost	 in	 catalytic	
efficiency	 for	 substrates	with	5’	monophosphate	 compared	 to	 those	










experiments	 with	 substrates	 with	 complex	 secondary	 structure	
suggest	 that	 the	 NTD	 can	 engage	 such	 substrates	 as	 a	 potential	
mechanism	that	contributes	to	the	5’	bypass	mode	of	operation	[114].	




essential	and	 the	pathways	may	work	 in	a	cooperative	manner	 [21,	
116].	It	is	interesting	in	this	regard	to	note	that	the	truncation	of	the	
C-terminal	domain	of	RNase	E	is	lethal	when	combined	with	mutations	
in	 the	5’	 sensing	pocket	 in	 the	catalytic	domain,	 suggesting	 that	 the	
pathways	 of	 degradation	 involving	 5’	 end	 activation	 and	 RNA	 fold	





The	 9S	 gene	 product	 is	 cleaved	 by	 RNase	 E	 twice	 to	 yield	 the	 5S	
precursor	that	is	further	trimmed	by	nucleases	to	give	the	mature	5S	
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ribosomal	 RNA	 [15,	 110,	 118].	 Evidence	 indicates	 that	 a	 secondary	
structure	 in	 the	 5’-region	 of	 9S	 is	 essential	 for	 its	 recognition	 by	
RNase	E	[110].	More	recently,	high-throughput	sequencing	analysis	on	
transcriptome-wide	 scale	 in	 E.	 coli	 revealed	 that,	 in	 many	 mRNAs	
which	are	RNase	E	substrates,	a	stem-loop	is	present	upstream	of	the	
































Data	 support	 a	model	 in	which	mRNA	degradation	 is	 prevented	 by	
efficient	 translation,	 and	 operates	 through	 close	 coordination	 of	
transcription	with	translation.	However,	it	might	be	expected	that	at	
some	 stage	 in	 committed	 translation,	 the	 transcript	 is	 no	 longer	
needed	as	a	template,	and	consequently	the	mRNA	would	move	off	a	
polysome	 into	 the	 degradation	 pathway.	 One	 model	 for	 substrate	
	 30	
access	 is	 that	 RNase	 E	 might	 encounter	 the	 emerging	 5’	 end	 of	
transcripts	 as	 it	 spools	 off	 the	 end	 of	 a	 polysome.	 This	 could	 be	
activated	by	an	sRNA	and	would	lead	to	a	process	of	co-translational	
decay	 [127]	 (Figure	4A).	Another	mode	of	degradation	might	occur	
when	 the	 rates	 of	 translation	 initiation	 efficiency	 or	 elongation	 are	
reduced,	so	that	the	spacing	of	the	translating	ribosomes	on	the	mRNA	
is	 less	compact.	 In	this	case,	 it	 is	more	likely	that	RNase	recognition	








α-helix	 that	 tethers	 the	 RNA	 degradosome	 to	 the	 bacterial	 cell	
membrane	 in	E.	 coli	 and	 is	 expected	 to	 affect	 the	way	 that	 the	 four	
natively	unstructured	C-terminal	regions	would	extend	outwards	the	
tetrameric	 catalytic	 centre	 (Figure	 4B).	 Strikingly,	 the	 functionally	
analogous	 (but	 not	 homologous)	 enzyme	 of	 Staphylococcus	 aureus,	
RNase	 Y,	 is	 also	membrane	 associated	 [129,	 130].	 Under	 anaerobic	
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conditions,	 RNase	 E	 become	 destabilized	 and	 may	 come	 off	 the	
membrane	[85].	
Although	 the	 association	 of	 RNase	 E	 with	 the	 cytoplasmic	
membrane	 is	 required	 for	 optimal	 cell	 growth	 in	 E.	 coli,	 for	 other	
bacteria	 the	 RNA	 degradosome	 is	 not	 membrane	 localized.	 For	
example,	in	the	α-proteobacteria	C.	crescentus,	RNase	E	forms	patchy	
foci	that	associate	with	the	nucleoid	instead	of	the	membrane	[131].		
	 The	membrane-associated	E.	 coli	RNase	E	generates	 transient	
foci	that	form	on	transcripts	in	vivo	[32].	These	foci	may	be	cooperative	
degradation	 centers	 formed	 by	 several	 degradosome	 particles,	 and	









the	 enzymes	 and	 RNA	 binding	 proteins,	 but	 also	 influences	 their	
specificities	 for	 nucleic	 acids.	 In	 the	 context	 of	 the	 degradosome,	
	 32	
extensive	disordered	regions	in	the	C-terminal	tail	of	RNase	E	could	






E	 has	 great	 plasticity	 to	 accommodate	 numerous	 RNA	 species	 of	
different	 sequence	 and	 structure,	 and	 could	 contribute	 to	 the	
formation	of	such	proposed	granule-like	foci.	The	CTD	might	help	to	
intercept	 polysomes,	 free	 RNA,	 or	 structured	 RNA	 precursors	 for	






(dark	 blue)	 upon	 sRNA	 action	 (top	 panel),	 when	 an	 sRNA	 (red)	 in	
















processes	 in	 organisms	 of	 other	 life	 domains	 including	 metazoans.	
RNase	E	has	been	a	key	paradigm	in	understanding	the	complexity	of	
RNA	mediated	 regulation	 and	metabolism	 in	 bacteria.	 RNA-binding	





Many	 of	 these	 bacterial	 RNA	 binding	 proteins	 impact	 on	 bacterial	
virulence	 [38]	 (see	 also	 ‘Regulatory	 RNAs	 in	 virulence	 and	 host-
microbe	interactions’).		
	 There	 is	 growing	 appreciation	 of	 the	 contribution	 of	 RNA	
metabolism	 in	 mediating	 complex	 behaviour	 of	 individual	 cell	 and	
cooperative	 communities.	 This	 behaviour	 is	 also	manifested	 during	
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